Abstract. This paper briefly introduces the energy storage inverter. The domestic and foreign standards of photovoltaic power generation system and wind power generation system are respectively explained. This paper introduces several key technologies of photovoltaic generation system and wind power generation system, such as low voltage ride through and high voltage ride through, it points out the problems of high and low voltage ride through technology of energy storage inverter.
Introduction
At present, more and more countries, including China, grid connected inverters are required to keep running on the grid when the grid voltage drops to 20% of normal value or even 0. Chinese State Grid Corporation in 2009 also introduced "wind farm access power grid technical requirements" and "photovoltaic power plant access grid technical requirements", which provide our own low voltage ride through technical requirements. Energy storage inverter also needs to have the function of low voltage through. At the same time, because of its stable DC side, we will be able to better achieve LVRT function.
Compared with the low voltage ride through technology, the high voltage ride through technology is not paid much attention by the researchers in the early stage of the low voltage ride through technology. In recent years, people have gradually noticed the importance of high voltage through technology, launched a series of studies. Many countries begin to pay attention to the high voltage through technology of wind turbine, combine the high, low voltage through of the wind turbine into the fault crossing, and began to develop the corresponding grid guideline. Therefore, the energy storage inverter also needs to have the function of high voltage through.
Energy Storage Inverter Introduction
Energy storage inverter is a kind of the three-phase converter, being suitable for smart grid construction, applying in the energy storage link, basing on space voltage vector pulse width modulation (SVPWM) mode control, putting bi-directional inverter as the basic characteristics, having two operation modes: connection and islanding. When the power grid is relatively adequate, and at this time the electricity is in the trough, the converter works in the state of rectification, and it charges the energy storage battery through the power grid and store the energy. When power grid lacks of electricity, during the peak time, the bi-directional converter operates in the inverter state, and the power is fed back from the storage battery to the large power grid. At this point the inverter is used as a current source relative to the grid. But when the fault occurs in the power grid, the microgrid is in the state of isolated network, it can play a role of emergency independent inverter. At this point, the inverter can be used as a network power supply, and it is responsible for regulating the voltage and frequency of the microgrid. The controlled focus is outputting voltage waveform quality, and at this time, the energy storage inverter is used as a voltage source relative to the micro grid.
Energy storage inverter is the interface between the grid and energy storage device, can be used in different occasions (grid-connected system, network isolated system and hybrid system). It is the inverter which has a series of special features. When the photovoltaic power station's grid connection point voltage drops to 20% rated voltage or after dropping 3S can be restored to 85% rated voltage, photovoltaic power plants can maintain uninterrupted parallel operation. When Photovoltaic grid connection point voltage is in the area of the voltage profile of Figure 1 and above, the photovoltaic power station must ensure uninterrupted parallel operation. When the grid connection point voltage is below the voltage profile, the photovoltaic plant is allowed to separated with the large grid.
Low
Many countries, led by Germany, Denmark, Italy and Spain, have developed the low voltage ride through requirements in grid-connected. The German E.ON standard also specifies the relationship between the reactive current and the voltage drop, at the time of voltage drop, the reactive power should be increased to improve the power grid voltage. When the voltage drops between 50% and 90%, the PV grid-connected system needs to have the linear output reactive current. When the voltage drop depth of the grid is less than 50%, 100% reactive current is required to provide [1] [2] .
Wind Turbine Low Voltage Ride Through Standard
Since a large number of large-scale wind turbine off-grid failures appeared, many research scholars and institutions have conducted research on the low voltage ride through technology. Relevant departments and companies have also introduced the relevant industry standards.
Low voltage ride through standard for wind turbines are different in the countries around the world, but the core requirements are roughly same. For example, in the United States, the requirement of low voltage ride through technology of the wind farm is that when the accident of a sudden drop in voltage, and the drop does not exceed 85%, it can still be connected to the grid for 0.625 seconds and continue to work.
For the development of wind power generation earlier in Denmark, its low voltage ride through technology also has its own standard. The standard requires that the wind farm not only has a low voltage ride through capability, but also has a dual voltage drop through characteristic. When the wind farm occurs two phase short circuit 100 milliseconds, if a continuing for 100 milliseconds two phase short circuit occurs again after interval 300 milliseconds, wind turbines should be able to connect to the grid without breaking. When single-phase short circuit occurs for 100 milliseconds, if it appears again, wind turbines should be continuously connected to the grid.
Chinese National Power Grid Crop made clear requirements of the low voltage ride through capacity of the wind farm in February, 2009. It is stipulated that the wind turbine cannot be disconnected if the ratio of the actual value of the voltage on the high side of the grid side transformer to the rated value of that is above the thick line. The minimum ratio of the maintenance voltage to the rated voltage of that is 20%, which is 10% more than that of the E.on company in Germany. Tdmax which means that the longest duration of the low voltage traversal run is less than 0.625s, in case that the grid failure time is longer than the longest duration, the fan should be allowed to escape.
High Voltage Ride Through Standard Photovoltaic Power Generation Voltage Ride Through Standard
Refer to requirements of the revised national standard, the inverter should have such abilities of fault ride-through under the high voltage curve, the ability to continuously adjust the active power during the high voltage crossing and the ability to inject reactive current into the power system. Test of SG500MX shows that, the measured inverter can run without interruption even in such situations, for example, that in the grid voltage were raised respectively to 1.3,1.2,1.1 times the rated grid voltage, and the measured inverter is in the duration of voltage rise and recovery at dozens of test points. The measured inverter can issue a corresponding proportion of capacitive reactive current and effectively support the grid voltage recovery on request of the standards during the high voltage to ensure the stability of the grid.
Wind Turbine High Voltage Ride Through Standard
The structure and characteristics of the power grid make different countries and regions have different degrees of high voltage faults. For example, New Zealand's National Grid, Investigation report of generator fault ride through issued by the company in February 2009 showed the voltage of the 220kV and 110kV lines in the country after the fault may rise to 1.3pu. Denmark Energinet. Dk requires wind farm has 1.2pu high voltage ride through capability, and it is similar to the high voltage ride through standard of the United States WECC. According to different voltage levels, Scotland's requirements are different. When the wind farm accesses to 132kV line, it is necessary to be able to achieve 1.2pu high voltage ride through, When the wind farm accesses to 275kV line, it is necessary to be have the ability of 1.15pu high voltage ride through. However, in the ride through time, when wind farms are in the high voltage fault, Danish Energinet. dk requires wind farms to adhere to 0.2 seconds and connect to the grid [3] .
The Key Technology of Low Voltage Ride Through The Key Technology of Low Voltage Ride Through for Photovoltaic System
In order to achieve a better photovoltaic power plant low voltage ride through, firstly we need to detect the two parameters, one is the voltage synchronization phase lock signal, then the positive and negative sequence components, these two parameters are of great importance to the accuracy of the algorithm and also the basis of the low voltage ride through [4] [5] [6] [7] .
Maximum Power Point Tracking Technology. The maximum power point tracking technology for the photovoltaic power generation system, temperature and solar radiation, these two factors are the main factors that affect photovoltaic cell output electrical parameters and determine the output instability of photovoltaic system. The purpose of the maximum power point tracking technology is to improve the efficiency of photovoltaic cells to the maximum and achieve the best input and output ratio of photovoltaic.
Anti Islanding Detection Technology. After the photovoltaic is connected to the grid, the converted energy of the system will be delivered to the grid. Once the grid has failed for some reasons, the power grid randomly generates the tripping and other protection actions, however photovoltaic power transmission will not stop for these reasons and continue to transmit power to the local load, this phenomenon is called islanding phenomenon of power supply. The danger of islanding are reflected in two main aspects, firstly, it will cause security threat for the electrical maintenance personnel, because power cut is not thorough. Secondly, impact force of system equipments will affect the performance of the inverter and other devices, and even lead to equipments' damage.
Phase-locked Loop Technology. Phase locked loop technologies such as q axis directional phase locked and zero crossing detection and so on can realize voltage synchronization of different power grids. Based on the principle of q axis oriented phase locked technology is to establish a two-phase rotating coordinate system, the rotation frequency of the coordinate system q axis is adjusted to be the same as the input frequency, thereby obtaining the phase-locked signal. The principle of this approach is simple, and it has convenient implementation. However the disadvantage is reflected in the case of asymmetric voltage drop, because the DC component in synchronous rotating coordinate system which will carry AC component of 2 times frequency, the AC component leads to the decrease of the accuracy of the phase lock signal and even cannot carry out the phase locking of the sinusoidal signal. In order to obtain phase locked signal of the asymmetrical voltage, in general, the processing method of phase locked loop bandwidth reduction is generally used for phase locking. Zero-crossing detection phase lock principle is the first to carry out the voltage detection and base on this to judge the polarity of the grid voltage and then get the phase angle signal, but there are multiple defects in the detected zero-crossing when the grid voltage distorts, it is less used in current [8] . PLL basic structure is shown in Figure 2 . There are voltage dropping imbalance factors, the acquisition of phase locked signal is difficult. The method based on positive and negative sequence separation can solve this problem preferably. There are five common ways of separation, namely the filter separation method, notch filter separation method, the T/4 delay method, the disaster relief method and Second -rank generalized integrator method. These five methods can effectively extract positive and negative sequence components, but each method has its advantages and disadvantages,, and it needs to select according to the actual situation of the system.
The Key Technology of Low voltage Ride Through for Wind Power Generation System
Based on the current situation of low voltage ride through in wind power system, the low voltage ride through technology can be divided into the control algorithm based on wind power system and the realization way of increasing auxiliary hardware, according to whether or not it adds additional hardware equipment in the wind power system. the realization bases on increasing auxiliary hardware, it can be divided into increasing the protection circuit, the energy storage system, series-parallel auxiliary converter, the series passive impedance, adding the dynamic voltage compensator and other reactive power compensation equipments and so on. In this paper, we mainly study the low voltage ride through technology of increasing the energy storage inverter.
The essence of energy storage inverter changes the energy dissipation resistance into energy storage device based on Crowbar protection circuit, such as super capacitor or energy storage battery group. When the voltage of the power gri drops or recovers, it can realize the two-way transmission of energy and improve low voltage through margin of the system by controlling the energy absorption and release of energy storage inverter. The super capacitor is connected to the DC side via a DC / DC bidirectional converter to determine the operating state of the converter depending on the voltage of the DC side , to store or to release energy.
Compared to the Crowbar, adding an energy storage inverter provides another control way for enhancing the LVRT capability of wind power system. It reduces the energy waste and consumption of heat and other issues, but the disadvantage is the high cost of energy storage devices and only control the voltage in the DC side.
High Voltage Ride Through Technology High Voltage Ride Through Technology of Wind Power Generation System
With the increase of wind farm installed capacity year by year, the safety and stability of power grid will be reduced, and it Seems particularly important to improve the ability of high voltage ride through in wind farm in case of failure. At present, the research in this field is still in the initial stage, and it is mainly aimed at the wind turbine, which has not yet been involved in the coordination problem of large scale wind farms and is away from high voltage requirements of the wind farm.
High Voltage Ride Through Technology of Photovoltaic Power Generation System
At present, Chinese market access to photovoltaic power generation system grid connected inverter only put forward the relevant indicators of the low voltage ride through and doesn't make temporary requirement for the high voltage through. However the inverters launched by most of the North American market mainstream inverter with high voltage inverter manufacturers most carry the high voltage through function. With the development and improvement of photovoltaic power generation technology in China, having the function of high voltage ride through will be the development trend of photovoltaic power generation system grid connected inverter. However, there are few researches in this field, and it is mainly for the research of high voltage test system of photovoltaic inverter. Photovoltaic power generation system with high voltage through requirements are far away [9] [10] [11] [12] [13] .
Summary
At present, there are many researches on the low voltage ride through technology. Therefore, some key technologies of low voltage ride through has reference significance for the study of high and low voltage ride through technology of energy storage inverter. However, he research of high voltage ride through technology is still in the initial stage, which is far away from the requirements of high voltage ride through of wind power generation system and photovoltaic power generation system. In addition, there are a series of problems to be solved in the high and low voltage ride through of the energy storage inverter: the injection current of the energy storage inverter under different control strategies. Fault through control strategies of multi energy storage inverters and so on [14] [15] .
